1. Introduction {#sec1}
===============

In recent decades, patterns of illness are changing dramatically all over the world. Specifically, infectious diseases are becoming less common, and the occurrence of non-infectious chronic diseases, such as hypertension, are increasing \[[@bib1]\].

Hypertension, generally mentioned as \"high blood pressure\", is a medical disorder usually linked with contraction of the blood vessel. This causes blood to be propelled with extreme strength against the blood vessel walls. Hypertension is entitled "Silent killer\" since most individuals doesn\'t think they are hypertensive \[[@bib2]\].

The role of hypertension undoubtedly is undervalued from illness and death statistics, which are mainly constructed on death certificates. After a patient dies because a stroke, angina, or renal failure all records in a straight line attributed these results to the stroke, the angina, or the renal failure, not the hypertension, usually is recorded as the reasons of death \[[@bib3]\].

Hypertension is one of the greatest common illnesses worldwide, it considers a main reason of death after cardiovascular diseases. Because of hypertension linked with illness and death, so it is a community health problematic \[[@bib4]\], so necessity to investigate for suitable protective, management plans must be the focus of health care centres. Amplified vascular oxidative tension might be the cause of harmful effects of hypertension \[[@bib5], [@bib6]\] and consider the main hazard for cardiovascular sickness & death in the industrialized and poor countries. The start of hypertension is produced by multifaceted connections between genetic tendency & ecological factors \[[@bib7]\]. Enlarged sodium chloride (NaCl) consumption can worsen increasing hypertension which increase of significant end-organ injury \[[@bib8]\].

The original theory that physical and functional irregularities in the circulatory system, containing endothelial malfunction, amplified oxidative pressure & reduced antioxidant actions, could predate BP and contribute to its harmful effects, has increased care in last years \[[@bib9]\]. Experimental researches have largely reinforced theory that augmented hypertension is linked with amplified oxidative stress \[[@bib10]\]. Raised lipid peroxidation by-products & reduced action of antioxidant systems already described in BP subjects \[[@bib11]\]. Numerous researches have showed a rise in O~2~^-^ levels in BP subjects \[[@bib12]\] and associate NADPH oxidase as a cause of additional O~2~^-^ \[[@bib13]\], \[[@bib14]\].

Angiotensin II has been revealed to be a strong activator of NADPH oxidase action in blood vessels smooth muscle, endothelial cells, and cardiac muscle cells \[[@bib15]\]. A communal discovery in all kinds of BP as well as diabetes and metabolic condition is endothelial malfunction, characterized by an inequality in the appearance of and sensitivity to vessels dilator and vessels constrictor factors causing in amplified vessels muscle tone and thus rise in struggle to flow \[[@bib16], [@bib17]\].

Taurine is a sulfur-holding nonessential amino acid, endogenously produced & providing by food, specially eggs, meat, & seafood. It has been reported that taurine play an important role as antioxidant & anti-inflammatory mediator \[[@bib18], [@bib19]\] as well as its vessel\'s dilator proprieties \[[@bib20]\]. In endothelial cells, taurine prevents apoptosis, inflammation and oxidative stress whereas increment nitric oxide productions \[[@bib21]\].

Furthermore, taurine was described to possess valuable effects in numerous physiological and pathological circumstances by primarily lessening manufacture of reactive oxygen species (ROS) \[[@bib22]\].

Hypertension and heart failure are pathological conditions with high illness & death, the full consideration and suitable treatment of these sicknesses remain a challenge. Treatment by taurine may have valuable effect on the cardiovascular problems made by hypertension. So, the current research emphases on the possible amelioration roles of taurine on hypertensive rats to reduce or cure the hazard effects of hypertension problems.

2. Material and methods {#sec2}
=======================

2.1. Animals {#sec2.1}
------------

40 male rats *[Rattusrattus]{.ul}*, body weight 120 ± 10 g, were obtained from the serum and antigen laboratories (Helwan). The rats were housed throughout the experiment in metallic cages and permitted to adapt to workroom atmosphere for ten days to circumvent any problems along the period of the experiment. Rats were kept under controlled conditions of temperature at 28±2 °C and 50% relative humidity, regular light-dark cycles and take food & water ad-libitum with new supplies offered every day. The experimental protocol was approved by the Ethical Committee of the Ain Shams University, Cairo, Egypt.

The current investigation was included 2 experimentations carried out as the following: 1^st^ experiment, the animals were randomly separated into 2 main groups according to the type of diet. 1^st^ group, 15 animals were fed on a standard diet only \[starch (51.55%), soya bean (18.15%), sucrose (17.93%), corn oil (5.15%) and vitamin & mineral mixture which containing (g/kg): thiamin HCl 0.6, riboflavin 0.6, pyridoxine HCl 0.7, niacin 3, calcium pantothenate 1.6, folic acid 0.2, biotin 0.02, vitamin B12 (0.1% trituration in mannitol) 1, dry vitamin A palmitate (500,000 U/g) 0.8, dry vitamin E acetate (500 U/g) 10, vitamin D3 trituration (4,000,000 U/g), 0.25, manadione sodium bisulfite complex 0.15, calcium phosphate diabasic 500, sodium chloride 14, potassium citrate 220, potassium sulfate 52, magnesium oxide 24, mangnous carbonate 3.5, ferric citrate 6, zinc carbonate 1.6, cupric carbonate 0.3, potassium iodate 0.01, sodium selenite 0.01, chrominium potassium sulfate 0.55\] and consider as control \[[@bib23]\]. Whereas, 2^nd^ group, 25 animals were fed on high-salt diet (8% NaCl) as labelled by \[[@bib24]\]. Next four weeks, 5 rats from each previous group were taken to evaluate the alteration in the lipid profile, cardiac profile and hormonal profile.

2^nd^ experiment, (start at 5^th^ week), the remaining of standard diet rats\' group (10 rats) was consider as normal control rats\' group (group No. 1) while, the remaining 20 hypertensive rats were not further fed on high-salt diet and separated into 2 equal groups:

Group (No. 2): 10 hypertensive rats were served as hypertension recovery group.

Group (No. 3): 10 hypertensive rats were received orally by the aid of gastric hose fifty milligram taurine (Sigma Chem. Co., St. Louis, Mo., USA)/100 g body weight/day for 4 weeks according to \[[@bib25]\] and served as taurine group (T group).

At the end of each experimental period (2 weeks), 5 rats from each previous group were 12-hour fasted & slaughtered by decapitation. Blood samples were collected in a clean test tube to determine serum lipid profile \[cholesterol (Chol.), triglycerides (TG), high density lipoprotein-cholesterol (HDL) and low density lipoprotein-cholesterol (LDL)\], antioxidant enzymes \[Catalase (CAT), glutathione peroxidase (GPx), and superoxide dismutase (SOD)\], cardiac profile \[aspartate aminotransferase (AST), creatine kinase (CK) and lactate dehydrogenase (LDH) activities\] and the levels of total nitric oxide (TNO), endothelin-1 and asymmetric dimethyl arginine (ADMA). Moreover, the levels of Malondialdehyde (MDA) and tumor necrosis factor-α (TNF-α) were estimated.

2.2. Measurement of blood pressure {#sec2.2}
----------------------------------

Blood pressure was monitored weekly by the tail-cuff technique using noninvasive Ugo Basile, series 58500 BP Recorder. 4 readings average were taken for each single rat. Mean arterial BP was generally calculated from brachial systolic and diastolic BP according to the next formula:where SP and DP are systolic and diastolic pressure, respectively \[[@bib26]\].

2.3. Estimation of serum lipid profile {#sec2.3}
--------------------------------------

Serum total Chol.***,*** TG and HDL according to \[[@bib27], [@bib28], [@bib29]\] respectively were estimated enzymatically using a commercial kit from Randox, Ltd., Co. (UK). LDL-cholesterol was estimated as per ***Freidewald\'s*** equation \[[@bib29]\].

2.4. Determination of antioxidant enzymes {#sec2.4}
-----------------------------------------

GPx, SOD and catalase activity were assessed according to methods of \[[@bib30], [@bib31]\] and \[[@bib32]\] respectively by using commercial kits, purchased from Cayman Chemical Company, Ann Arbor, U.S.A.

2.5. Determination of serum cardiac profile {#sec2.5}
-------------------------------------------

The actions of serum LDH, CK and AST were estimated kinetically according to the method of \[[@bib33], [@bib34]\] and \[[@bib35]\] respectively. The kinetically commercial kits were purchased from Sclavo Bio-diagnostic Co. (Italy).

Serum rat-ADMA was assessed via commercial ELISA kit and purchased from American Laboratory Products Company (Alpco Diagnostics, USA) according to the method of \[[@bib36]\].

Furthermore, the concentrations of serum rat endothelin-1 \[[@bib37]\], TNO \[[@bib38]\] and the level of rat TNF-α \[[@bib39]\] were evaluated by ELISA (Sandwich Immunoassay Technique) via commercial kits (IBL-Hamburg, Co. Germany).

Colorimetric technique was used for the assessment of tissue malondialdehyde \[[@bib40]\].

2.6. Statistical analysis {#sec2.6}
-------------------------

Student "t" test was used to test the difference in parameters tested herein between experimentally hypertensive rats and normal control rats in preliminary experiment according to \[[@bib41]\]. Whereas, the comparison between the effects of taurine on biochemical parameters documented here were statistically analysed using analysis of variance (ANOVA) followed by Duncan\'s multiple range tests as described by \[[@bib42], [@bib43]\].

3. Results {#sec3}
==========

From the inspection of the obtained data in [Table 1](#tbl1){ref-type="table"} were reported significant (P \< 0.001) increases in the blood pressure and body weight as a result of salt diet treatment. The mean values recorded 187.98 ± 1.73 mm Hg and 145.69 ± 2.81 (g) for blood pressure and body weight in hypertensive rats regarding to 108.12 ± 0.61 & 110.42 ± 2.59 in normotensive rats\' group respectively.Table 1Comparison between normal and hypertensive rats in BP, body weight and some blood variables related to hypertension risks.Table 1ParametersGroupsNormal Rats\
Mean ± S.E.Hypertensive Rats\
Mean ± S.E.Systolic BP (mm Hg)108.12 ± 0.61187.98\* ±1.73Body weight (g)110.42 ± 2.59145.69\* ±2.81Total cholesterol *(mg/dL)*62.129 ± 1.898114.182\* ± 1.483Triglycerides *(mg/dl)*63.925 ± 1.107138.333\* ± 1.979HDL- cholesterol *(mg/dl)*23.634 ± 0.95224.103 ± 0.977LDL- cholesterol *(mg/dl)*25.600 ± 0.94662.410\* ± 0.445Catalase *(nmol/min/mL)*25.920 ± 1.36014.210\* ± 1.090GPx *(nmol/min/mL)*94.850 ± 1.22027.190\* ± 1.480SOD (*U/mL)*6.080 ± 1.1503.170\* ± 0.430LDH *(U/L)*230.205 ± 1.754386.801\* ± 1.556CK *(U/L)*93.053 ± 0.656175.970\* ± 1.121AST *(U/L)*122.059 ± 1.001191.504\* ± 1.683TNO *(μmol/L)*45.877 ± 1.67321.806\* ± 1.267MDA *(nmol/mg tissue)*0.371 ± 0.0501.320\* ± 0.190Endothelin-1 *(pg/ml)*0.376 ± 0.0050.726\* ± 0.044ADMA (*μmol/L)*1.115 ± 0.1102.794\* ± 0.321TNF-α (*pg/ml)*4.923 ± 0.0118.895\* ± 0.022[^1][^2]

[Figure 1](#fig1){ref-type="fig"} were summarized the main value of tail systolic blood pressure (TSBP) data at different time intervals. The mean value of TSBP level of normotensive rats showed no changes throughout the experimental period (4 weeks).Figure 1The mean value of BP level (mm Hg) in normotensive (Control), hypertensive (Recovery) and hypertensive treated with taurine rats\' groups at various time intervals. \* Values are high significantly different (P \< 0.001) when compared to control.Figure 1

In hypertensive rats, the mean value of TSBP level was decreased and reached to 169.87 ± 1.61 mm Hg after 2 weeks recovery regarding to 108.39 ± 0.63 in normotensive rats\' group. As rats were allowed to 4 weeks recovery, the mean value of TSBP level was more decreased and reached to 155.95 ± 1.41 mm Hg. The per cent of this decline was 44.25 at the last interval (4 weeks).

Furthermore, a significant improvement occurred in the mean value of TSBP level in hypertensive animal group which treated with taurine. The improvement was reached to 127.45 ± 1.37 at the last interval (4 weeks).

The mean body weight of normotensive rats\' group was increased gradually throughout the experimental period. These data are given in [Figure 2](#fig2){ref-type="fig"}. Moreover, the mean body weight of hypertensive rats group showed a significant increase dependant on time intervals reaching 167.92 ± 3.38 regarding to 130.06 ± 2.29 in normotensive rats\' group at the end of the experimental period. A significant reduction in the mean body weight of hypertensive rats group occurred after treatment with taurine.Figure 2The mean value of body weight (gram) in normotensive (Control), hypertensive (Recovery) and hypertensive treated with taurine rats\' groups at various time intervals. \* Values are high significantly different (P \< 0.001) when compared to control.Figure 2

In contrast, the obtained data in [Table 1](#tbl1){ref-type="table"} of the first experimental, elucidated a significant (P \< 0.001) increasing in serum Chol., TG and LDL levels in hypertensive rats. The mean values recorded were 114.182 ± 1.483, 138.333 ± 1.979 and 62.410 ± 0.445 mg/dL regarding to 62.129 ± 1.898, 63.925 ± 1.107 and 25.600 ± 0.946 mg/dL in normal control rats respectively. A numerical change but not statistically significant was occurred in HDL in hypertensive rats\' group as compared to their corresponding results in control rats\' group.

On detecting antioxidant enzymes level Cat, GPx and SOD via the information presented in [Table 1](#tbl1){ref-type="table"}. It is documented that rats fed on high-salt diet showed a significant (P \< 0.001) reduction in antioxidant enzymes level as compared to the corresponding normal control rats.

The activities of all estimated serum cardiac enzymes AST, CK and LDH were significantly (P \< 0.001) raised in hypertensive rats\' group. Likewise, the levels of endothelin-1, ADMA, MDA and TNF-α were significantly (P \< 0.001) increased in hypertensive rats\' group. In relation to the control rats, a significant (P \< 0.001) reduction in the serum level of TNO was described in hypertensive rats\' group [Table 1](#tbl1){ref-type="table"}.

In the second experimental, a significant (P \< 0.05) reduction was occurred in the levels of serum cholesterol, triglycerides and LDL levels in hypertensive rats after treatment with taurine. The maximum improvement result was reported in the hypertensive rats which treated with taurine dependent on the time of treatment (4 weeks) [Table 2](#tbl2){ref-type="table"}.Table 2Effects of giving taurine on serum lipid profile level of hypertensive rats.Table 2ParametersGroupsControlHypertensive Recovery groupHypertensive with T groupTotal cholesterol (mg/dL)2 weeks$62.357 \pm 0.841_{a}^{A}$$110.906 \pm 1.385_{a}^{B}$$85.612 \pm 1.070_{a}^{C}$4 weeks$62.829 \pm 0.911_{a}^{A}$$101.274 \pm 1.429_{b}^{B}$$70.756 \pm 1.274_{b}^{C}$Triglycerides (mg/dL)2 weeks$63.654 \pm 0.805_{a}^{A}$$121.296 \pm 1.134_{a}^{B}$$94.051 \pm 1.063_{a}^{C}$4 weeks$64.007 \pm 0.585_{a}^{A}$$106.308 \pm 1.074_{b}^{B}$$76.553 \pm 1.076_{b}^{C}$HDL - Cholesterol (mg/dL)2 weeks$23.673 \pm 0.641_{a}^{A}$$23.457 \pm 0.696_{a}^{A}$$24.395 \pm 0.818_{a}^{A}$4 weeks$23.787 \pm 0.661_{a}^{A}$$22.082 \pm 0.687_{b}^{B}$$23.688 \pm 0.731_{a}^{A}$LDL - Cholesterol (mg/dL)2 weeks$25.842 \pm 0.593_{a}^{A}$$61.215 \pm 0.682_{a}^{B}$$46.379 \pm 0.490_{a}^{C}$4 weeks$26.017 \pm 0.576_{a}^{A}$$57.004 \pm 0.627_{b}^{B}$$35.201 \pm 0.431_{b}^{C}$[^3][^4][^5]

A significant (P \< 0.05) recovery occurred in the serum antioxidant enzymes Cat, GPx and SOD activities of hypertensive rats which were treated with taurine dependent on the time of treatment (2 & 4 weeks). This improvement was reported in [Table 3](#tbl3){ref-type="table"}. The best improvement in these parameters was dependent on the time of treatment.Table 3Effects of giving taurine on serum antioxidant enzymes activity of hypertensive rats.Table 3ParametersGroupsControlHypertensive Recovery groupHypertensive with T groupCatalase (nmol/min/mL)2 weeks$26.32 \pm 1.47_{a}^{A}$$14.49 \pm 1.23_{a}^{B}$$24.23 \pm 1.31_{a}^{A}$4 weeks$26.11 \pm 1.23_{a}^{A}$$15.21 \pm 1.16_{a}^{B}$$25.22 \pm 1.29_{a}^{A}$GPx (nmol/min/mL)2 weeks$95.34 \pm 1.75_{a}^{A}$$49.24 \pm 1.36_{a}^{B}$$78.11 \pm 1.23_{a}^{C}$4 weeks$94.98 \pm 1.68_{a}^{A}$$51.41 \pm 1.25_{a}^{B}$$89.69 \pm 1.12_{b}^{C}$SOD (U/mL)2 weeks$5.18 \pm 1.46_{a}^{A}$$2.91 \pm 1.87_{a}^{B}$$4.91 \pm 1.29_{a}^{A}$4 weeks$5.13 \pm 1.61_{a}^{A}$$3.01\text{±}1.77_{\text{a}}^{\text{B}}$$5.34 \pm 1.47_{a}^{A}$[^6][^7][^8]

A significant (P \< 0.05) amelioration occurred in the serum AST, CK and LDH activities of hypertensive rats which were treated with taurine dependent on the time of treatment (2 & 4 weeks). This improvement was reported in [Table 4](#tbl4){ref-type="table"}. The best improvement in these parameters was distinguished in the hypertensive rat\'s group which treated with taurine and dependent on the duration of treatment.Table 4Effects of giving taurine on serum Cardiac enzymes profile activity of hypertensive rats.Table 4ParametersGroupsControlHypertensive Recovery groupHypertensive with T groupLDH (U/L)2 weeks$229.286 \pm 1.762_{a}^{A}$$332.455 \pm 2.213_{a}^{B}$$274.274 \pm 2.020_{a}^{C}$4 weeks$230.903 \pm 1.784_{a}^{A}$$298.201 \pm 2.179_{b}^{B}$$243.115 \pm 1.826_{b}^{C}$C.K (U/L)2 weeks$92.971 \pm 0.656_{a}^{A}$$157.895 \pm 1.021_{a}^{B}$$137.692 \pm 0.845_{a}^{C}$4 weeks$93.221 \pm 0.679_{a}^{A}$$144.167 \pm 0.879_{b}^{B}$$111.465 \pm 0.824_{b}^{C}$\
2 weeks$123.455 \pm 1.017_{a}^{A}$$180.371 \pm 1.472_{a}^{B}$$162.282 \pm 1.191_{a}^{C}$4 weeks$123.481 \pm 1.021_{a}^{A}$$165.079 \pm 1.316_{b}^{B}$$134.587 \pm 0.983_{b}^{C}$[^9][^10][^11]

Next the hypertensive rats treated with taurine for 2 & 4 weeks, the data recorded a significant (P \< 0.05) rise in the serum level of TNO dependent on duration of treatment [Table 5](#tbl5){ref-type="table"}. The maximum elevation was occurred in the serum level of TNO in hypertensive rats\' group which take taurine. This improvement still not reached to their corresponding values in the normal control rats\' group.Table 5Effects of giving taurine on serum TNO, MDA, Endothelin-1, ADMA and TNF-α levels of hypertensive rats.Table 5ParametersGroupsControlHypertensive Recovery groupHypertensive with T groupTNO (μmol/L)2 weeks$40.155 \pm 0.624_{a}^{A}$$21.698 \pm 0.475_{a}^{B}$$27.978 \pm 0.492_{a}^{C}$4 weeks$40.149 \pm 0.621_{a}^{A}$$24.963 \pm 0.468_{b}^{B}$$33.122 \pm 0.649_{b}^{C}$MDA (nmol/mg tissue)2 weeks$0.369 \pm 0.05_{a}^{A}$$1.258 \pm 0.21_{a}^{B}$$0.542 \pm 0.16_{a}^{C}$4 weeks$0.372 \pm 0.04_{a}^{A}$$1.192 \pm 0.19_{b}^{B}$$0.398 \pm 0.14_{b}^{A}$Endothelin-1 (pg/ml)2 weeks$0.401 \pm 0.004_{a}^{A}$$0.928 \pm 0.011_{a}^{B}$$0.742 \pm 0.008_{a}^{C}$4 weeks$0.399 \pm 0.005_{a}^{A}$$0.892 \pm 0.012_{a}^{B}$$0.412 \pm 0.007_{b}^{A}$ADMA (μmol/L)2 weeks$1.115 \pm 0.029_{a}^{A}$$2.912 \pm 0.069_{a}^{B}$$1.824 \pm 0.059_{a}^{C}$4 weeks$1.117 \pm 0.032_{a}^{A}$$2.590 \pm 0.069_{b}^{B}$$1.295 \pm 0.051_{b}^{A}$TNF-α (pg/ml)2 weeks$5.183 \pm 0.013_{a}^{A}$$8.498 \pm 0.029_{a}^{B}$$7.789 \pm 0.025_{a}^{C}$4 weeks$5.187 \pm 0.014_{a}^{A}$$7.698 \pm 0.025_{b}^{B}$$6.121 \pm 0.021_{b}^{C}$[^12][^13][^14]

A notable improvement was reported in the serum levels of MDA, endothelin-1, ADMA and TNF-α after the hypertensive rats treated with taurine for two & four weeks. These significant (P \< 0.05) improvements were noticeable in the hypertensive rat\'s group which treated with taurine. This improvement in the serum levels of MDA, endothelin-1 and ADMA were reached to the control rats\' group whereas, the improvements in the serum level of TNF-α and TNO were still not reached to the corresponding in the control rats\' group [Table 5](#tbl5){ref-type="table"}.

4. Discussion {#sec4}
=============

Hypertension remains a common and serious problem, contributing in a major way to the most common causes of morbidity and mortality all over the world \[[@bib44]\]. In the current study, a food with 8 % sodium chloride was used to induce hypertension in Male albino rats Rattus rattus for 4 weeks after that treated with taurine for additional 4 weeks.

It is evident from this investigation that high salt diet led to a marked elevation in the TSBP [Table 1](#tbl1){ref-type="table"} \[[@bib45]\]. The mechanism by which high-salt foods initiate hypertension may be due to rise in the level of circulating sodium (Na) which push cells to release water because of osmotic pressure which raises the pressure on blood vessel walls \[[@bib46]\]. Also, increasing Na concentration in circulation can turn activates sympathetic nervous system and renin-angiotensin-aldesterol-system. Furthermore, to increased signaling through the mineralocorticoid receptors \[[@bib47]\]. These may cause increasing production of ROS which result to oxidative stress. Further possible mechanisms could be in part via a rising in the plasma\'s capacity to prevent adenosine triphosphatase (ATP) which increases the BP by preventing the Na--Ca exchange pump in blood vessels smooth muscle \[[@bib45]\], or that Na diet is linked with amplified intrarenal angiotensin II \[[@bib46]\] which may cause in renal vessels constriction and amplified renal production due to activation of NADPH oxidase. Overproduction of superoxide anions and other free radicals due to activation of NADPH oxidase may overcome the antioxidant ability and cause imbalances between oxidant and antioxidant status which may cause in oxidative stress. Moreover, NO may cause a critical role in the regulation of arterial pressure by influencing vascular tone throughout the cardiovascular system and by serving as a mediator of the changes induced by the arterial pressure in tubular sodium re-absorption \[[@bib46]\]. The authors attributed the rise of TSBP in hypertensive rats to the constriction effect of angiotensin II on both afferent and efferent arterioles.

Treating the rats with high salt food induced a significant elevation in the body weight of hypertensive rats compared to the normotensive ones. This elevation may be attributed to a rapid drop in glomerular filtration rates (GFR). However, the majority of administered NaCl enters specifically to the proximal tubular epithelial cells, causing abnormalities in the function and metabolism of various intracellular membranes and organelles. Moreover, these disturbances may be due to rapid breakdown of protein and elevation in the level of phospholipidosis in the lysosomes. Hence, these enzymes inhibit Na^+^ K^+^ -ATPase which cause a rise of the free radical agents which accelerate cell injury. These results are in harmony with \[[@bib48], [@bib49]\].

Also, this study was indicated that in addition to increase in BP and body weight, salt-loaded rats\' serum lipid profile levels were significant higher in serum cholesterol, triglycerides and LDL levels of hypertensive rats\' group. However, HDL level wasn\'t significant different between hypertensive rats\' group and control normotensive rats\' group. The increased cholesterol, triglycerides and LDL levels rises the hazard of coronary heart disease and rise serum lipid profiles were significant risks for hypertension. Researchers have reported association of serum/plasma lipids and lipoproteins with hypertension \[[@bib50], [@bib51]\].

Moreover, it is obvious in this investigation that after rats fed on high salt food it was raised the activity of cardiac enzymes (AST, LDH and CK) levels in serum of hypertensive rats than control normotensive rats ([Table 1](#tbl1){ref-type="table"}). Such clinical condition promotes the initiation of cardiac diseases such as infarction and atherosclerosis since the elevation in the activity of CK is liable to occur if there is damage in skeletal or cardiac muscles. LDH leaks into the serum from damaged organs. An elevation of its activity in serum suggests subclinical infarction or at least cellular damage. The height and duration of the increased activity depends on the size of lesion. Therefore, LDH is used as an index of membrane damage of cardiac muscle or vascular endothelial cells \[[@bib52]\]. In 2001, Researchers discovered that when vascular endothelial cells were exposed to oxidized LDL, there was a significant increase of LDH release indicating cell membrane injury and disturbance in the lipid peroxidation of cardiac tissues \[[@bib53]\].

In the current study, antioxidant enzymes (GPx, CAT and SOD) was significantly (P \< 0.001) decreased in hypertensive rats as compared with their relevant level in control normotensive rats [Table 1](#tbl1){ref-type="table"}. Such clinical condition promotes the initiation of hypertension since the depletion of antioxidant enzymes catalyzes the H~2~O~2~ to H~2~O and O^−^ at the expense of reduced glutathione. The lowering antioxidant enzymes activity may be attributed to decreased synthesis of these enzymes which can cause a rise in reactive oxygen species that inactivates NO and promotes endothelial dysfunction \[[@bib54], [@bib55], [@bib56]\].

The current results in [Table 1](#tbl1){ref-type="table"}, there was a significant reduction in the TNO concentration was detected with a significant raise in the levels of MDA, endothelin-1, ADMA and TNF-α in hypertensive rats than control normotensive rats. The current data could be because of excessive myocardial infraction as a result of free radical production, epigenetic gene alteration, inhibition in the activity of total nitric synthase (TNOs), raise the level of serum endothelin-1 accompanied with elevation in serum ADMA level and appearance of hypertension. These results are in parallel with those gotten by \[[@bib57]\].

Total nitric oxide level was significantly (P \< 0.001) reduced in hypertensive rats as mentioned above and these results are in parallel with \[[@bib58], [@bib59], [@bib60]\]. They reported that the raise of oxidative stress in hypertensive rats is associated with the release of nitric oxide from hypertensive rat kidneys. They attributed these results to the disturbance in the endothelin type B receptor endothelin nitric oxide synthesis (eNOs) depletion in the glutathione system and elevation in the levels of high reactive oxidant peroxynitrite (ONOO^--^).

Furthermore, peroxynitrite has numerous harmful effects such as starting lipid peroxidation, causing DNA injury and nitration of protein deposits, including magnesium superoxide dismutase. Moreover, increasing vascular ROS activity can cause decrease bioavailable nitric oxide and diminished endothelium-dependent relaxation \[[@bib61]\].

In contrast, the pro-oxidant MDA level in serum was significantly (P \< 0.001) increased in hypertensive rats and these results may be due to NaCl has the ability to transfer electron to oxygen thus generating oxygen radical species such as superoxide (O~2~^.^) radical and eventually hydroxyl (OH^.^) radical which might be responsible for the cytotoxic effect \[[@bib62], [@bib63], [@bib64]\].

ADMA level was significantly (P \< 0.001) amplified in hypertensive rats as compared with relevant level in control normotensive rats. Moreover, it is obvious that induced hypertension raised ADMA level in serum which causes inhibitions in all three isoforms of nitric oxide synthesis (NOS) due to inhibition of eNOS. Also, the elevation of ADMA concentration is linked to impaired endothelium-dependent vasodilation, a feature that is indicative of increased cardiovascular risk. These results are in harmony with evidence gathered from several experimental researches occurred by \[[@bib65], [@bib66], [@bib67], [@bib68], [@bib69]\]. They indicated that ADMA is a powerful endogenous NOS inhibitor. Therefore, chronically raised serum ADMA levels may be of certain importance in human vascular pathology. Also, the authors reported that there is a strong correlation between increased ADMA levels and cardiovascular morbidity and mortality in different populations. Some researchers attributed these results to that higher ADMA doses cause a larger rise in BP. In addition, of significant renal vasoconstriction with ADMA infusion, causing acute plasma levels in the supra-physiological range is important of the action of angiotensin II, which exerts renal vasoconstrictor effects at blood levels that are above those found in patients with hypertension and/or cardiovascular disease. However, angiotensin II has several effects encouraging atherogenesis, maybe due to high tissue concentrations. The last one might be correct for ADMA too, and chronically raised ADMA blood and/or tissue levels may be a reason for vascular damage at the endothelial cell level \[[@bib70]\].

Furthermore, it has been reported that tumor necrosis factor-α displays a cardio depressive characteristic. Moreover, tumor necrosis factor-α has been exposed to be independent predictors of death in heart failure \[[@bib71]\]. Hence, the current research suggested that the association of raised tumor necrosis factor-α as proinflammatory cytokines with hypertension may place the rats at complex hazard for the evolution of suggestive cardiomyopathy.

There is a very fine equilibrium between cellular systems that generate various free radicals and those responsible for the maintenance of antioxidant defence mechanisms \[[@bib72]\]. It appears that hypertension tips this equilibrium by helping of oxidants, both by raising the creation of free radicals and by decreasing endogenous antioxidant \[[@bib73]\]. Endogenous antioxidants, like SOD, CAT and GPx are no longer able to cope with this rise in free radical creation especially in the tissues with less developed antioxidant defence mechanisms, such as the cardiac muscle, hence it is a highly vulnerable to damage that is induced by free radical creation. Since lack of nitric oxide bioactivity is a vital feature of endothelial malfunction in hypertension, providing additional substrate to support nitric oxide creation has been suggested as a rational treatment method. Administration of taurine enhanced endothelium-dependent vasodilation because it is the substrate for the synthesis of endothelium-derived NO, an effective vasodilator that controls blood pressure and renal hemodynamic in the basal state. Taurine acts as nitrogen donor for synthesis of nitric oxide, which is deficient during hypertension and atherosclerosis \[[@bib74]\].

From Tables [2](#tbl2){ref-type="table"}, [3](#tbl3){ref-type="table"}, [4](#tbl4){ref-type="table"}, and [5](#tbl5){ref-type="table"} and Figures [1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}, showed that the administration of taurine to hypertensive rats caused significant ameliorative effects on the blood pressure, body weight and all biochemical parameters. These results may be due to the several mechanisms for taurine improvement of endothelial functions which have been suggested to include: (1) a reduction in the inhibitory effects of L-glutamine, (2) a decline in the inhibitory effects of ADMA, (3) an antioxidant action, (4) free radicals scavenger, (5) stimulation of insulin release, (6) improved production of vasoconstrictor intermediaries like endothelin-1 and (7) nonenzymatic & nonstereo-specific creation of nitric oxide \[[@bib75], [@bib76]\].

From the data presented in the current study, it is obvious that; the depression in the TSBP in hypertensive rats treated with 50 mg/kg b.wt taurine reached its maximum degree of amelioration in the last interval period. Nevertheless, values still failed to reach the value of TSBP of normotensive rats [Figure 1](#fig1){ref-type="fig"}. These results may be due to the capability of taurine to act as a hypolipidemic agent, membrane stabilizer and free radical scavenger. Also, taurine plays an important role in declining the activities of cardiac enzymes and the kinetic potential of β-oxidation of fatty acids in the mitochondrial matrix by the aid of Krebs cycle. These data are in harmony with \[[@bib77], [@bib78]\].

Moreover, the administration of taurine to the hypertensive rats led to decrease in the body weight. This improvement in the body weight may be due to the bio-chemical powerful of taurine which works as a good antioxidant by decreasing the creation of oxygen free radicals, inhibition of the formation of thromboxane A~2~, vasodilator of coronary vessels, due to inhibition of certain intramuscular enzymes and improvement in the cyclic AMP of cardiac tissue \[[@bib79], [@bib80]\].

Hypertensive rats treated with taurine 50 mg taurine/100 g b.wt/day for 4 weeks showed a significant (P \< 0.05) reduction in the levels of serum Chol., TG and LDL levels when compared with control rats. It was reported that the capability of taurine to lower cholesterol could be due to its effect on the change of cholesterol to bile acids \[[@bib81]\]. A 31% reduction in aortic lesions in hyperlipidemic rabbits given 0.3 % taurine in drinking water for twenty-four weeks has also been described \[[@bib82]\]. Clinically, taurine treatment 3 g per day has been demonstrated to recover lipid metabolism and decrease body weight in weighty subjects, in addition to decrease triglycerides levels and the atherogenic index \[[@bib83]\]. In other clinical research, taurine supplementation six gram per day in normal young men consuming a huge amount of fat significantly decrease serum total cholesterol and low-density lipoprotein levels \[[@bib84]\]. It must be distinguished that taurine has an antioxidant effect, so it may also decrease the oxidation of low-density lipoprotein and thereby reduce the process of atherosclerosis \[[@bib85], [@bib86]\].

The possible health benefits of taurine in hypertension are quickly emergent. Though additional research requires to be achieved, several experimental and numerous clinical researches established that taurine aids the cardiovascular system via a variety of mechanisms including an improved lipid profile, modulation of Ca^2+^ ion, antioxidant effects and antagonism of angiotensin II action. Since oxidative stress is recognized to cause intracellular Ca^2+^ overload, it is probable that the variation of Ca^2+^ ion by taurine may be intermediated via its antioxidant effects. Moreover, angiotensin II generates ROS, so it can be argued that the antagonism of angiotensin II actions by taurine might also because of its antioxidant effects \[[@bib87], [@bib88]\]. In 2007 it is reported that taurine can prevent endothelial cell malfunction induced by high glucose and oxidized low-density lipoprotein. Therefore, this action of taurine may be a vital mechanism for providing \[[@bib89]\].

The obtained data in this study showed that, the activities of cardiac enzymes (CK, LDH and AST) in taurine animal group were significantly lower than in recovery group. With the progress of time the reduction was more marked at last interval. These results were confirmed by \[[@bib90], [@bib91]\].

Moreover, the administration of taurine to the hypertensive rats led to increase in the GPx. This improvement as mentioned above may be due to the bio-chemical powerful of taurine which works as a free radical scavenger, good antioxidant by decreasing the manufacture of oxygen free radicals, inhibition of the formation of thromboxane A~2~, decrease platelet aggregation, vasodilator of coronary vessels, due to inhibition of certain intramuscular enzymes, and improvement in the cyclic AMP of cardiac tissue. This is logic because of the molecular function of taurine, is to bring back endothelial nitric oxide creation to normal, in that way normalizing vascular function \[[@bib90]\].

On the other hand, the treatment of hypertensive rats with taurine led to an obvious reduction in the level of MDA. These results might be attributed to the ability of the antioxidant taurine which play as a free radical scavenger to decrease the polarization of cell membrane, lipid peroxidation and increase the immune system defence of body and the β oxidation in mitochondrial matrix. The administration of taurine enhanced endothelin nitric oxide synthesis function, causing an enhancement of nitric oxide activity and a diminishing of O~2~^·^ and ONOO^·^ generation, in the same line with raising of taurine content in endothelium of hypertensive rats \[[@bib91]\].

The increased levels of MDA, Endothelin-1, ADMA, and TNF-α and decrease in the Catalase, SOD TNO observed in hypertensive rats compared to normal group corroborated with several studies \[[@bib50], [@bib51]\]. The amelioration effects of taurine on hypertensive rats might be because of amplified synthesis or reduced depletion of high-density lipoprotein that may decline the oxidized lipid species in Low density lipoprotein particles, so protective them from atherogenesis. This may indeed reflect the beginning for the protection against atherosclerosis. The data also presented reduced in the levels of MDA and rise NO of the supplemented groups as compared with hypertensive control. The enhanced endothelial function detected in the taurine groups confirms the role of taurine antioxidant properties in the treatment of hypertension. Therefore, the molecular mechanisms underlying antioxidant effects of taurine on endothelial function might be mediated through oxidative stress suppression which caused a recovering antioxidant status and endothelial function as showed by the reduced level of lipid peroxidation index, MDA, and increased NO.

5. Conclusion {#sec5}
=============

The data of the current research proposed that high NaCl diet loading encourages high blood pressure through oxidative stress, because it causes lipid peroxidation and impact the actions of antioxidant enzymes in the experimental animals. This is showed by the rising of total antioxidant status and actions of SOD, CAT, and GPx resulting from supplementation of taurine which was overcome the oxidative stress happened by sodium chloride. Also, the current data supported the role of oxidative stress in high blood pressure, and supplementations of taurine have the capability potential to avoid or heal the cardiovascular complications of hypertension.

Declarations {#sec6}
============

Author contribution statement {#sec6.1}
-----------------------------

Marwan A. Ibrahim, Mostafa M. Eraqi, Faiz A. Alfaiz: Conceived and designed the experiments; Performed the experiments; Analyzed and interpreted the data; Contributed reagents, materials, analysis tools or data; Wrote the paper.

Funding statement {#sec6.2}
-----------------

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Competing interest statement {#sec6.3}
----------------------------

The authors declare no conflict of interest.

Additional information {#sec6.4}
----------------------

No additional information is available for this paper.

[^1]: Values are expressed as means ± S.E.

[^2]: \* Significant at p \< 0.001 between the groups in the same rows.

[^3]: Values are expressed as means ± S.E.

[^4]: A, B, C = means bearing different superscripts within the same row are differ significantly (P \< 0.05).

[^5]: a, b = means bearing different subscripts within the same column are differ significantly (P \< 0.05).

[^6]: Values are expressed as means ± S.E.

[^7]: A, B, C = means bearing different superscripts within the same row are differ significantly (P \< 0.05).

[^8]: a, b = means bearing different subscripts within the same column are differ significantly (P \< 0.05).

[^9]: Values are expressed as means ± S.E.

[^10]: A, B, C = means bearing different superscripts within the same row are differ significantly (P \< 0.05).

[^11]: a, b = means bearing different subscripts within the same column are differ significantly (P \< 0.05).

[^12]: Values are expressed as means ± S.E.
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